4.1 UNDER-REPORTING TESTS

Is there any statistically significant difference between the levels of BOD5 sampled by regulators and those reported by the firms? We conduct three difference-of-means tests to answer this question. In the first one we compare means of the BOD5 samples of the MUN, NAT and SEINCO using both all available observations from each of the three series and the common sample (composed only of five observations). Only forty-one plants were inspected by the three agencies. The results of the tests are presented in Table 7. According to the value of the ANOVA F-statistics, both the individual-sample and the common-sample tests suggest not rejecting the null hypothesis of equal means.
 

Based on the results of these tests, we constructed a “pooled” sampled BOD5 series from the MUN, NAT and SEINCO series. The pooled series (BOD5SAMPLED) consists of the value of any of the three series, when only one is observed, or the average, when more than one is observed. After generating BOD5SAMPLED, we conducted a test comparing its mean with the mean of the reported BOD5. The result of this test is presented in Table 8. The value of the t-statistic (0.16) strongly suggests that we should not reject the null hypothesis of equal means between the reports and the samples. 

Table 7: Tests for Equality of Means between BOD5MUN, BOD5NAT and BOD5SEINCO

Sample: 1997:07 2001:10 - Forty-one plants

	
	Individual Samples
	Common Sample

	Variable
	Obs.
	Mean
	Obs.
	Mean

	BOD5MUN
	212
	1395.8
	5
	1466.0

	BOD5NAT
	114
	1165.0
	5
	1784.2

	BOD5SEINCO
	408
	1267.9
	5
	1166.0

	All
	734
	1288.8
	15
	1472.1

	
	Anova F-statistic (2, 731)
	Anova F-statistic (2, 12)

	
	Value
	Probability
	Value
	Probability

	 
	0.27
	0.7622
	0.32
	0.7323


Table 8: Tests for Equality of Means between the sampled BOD5 (BOD5SAMPLED) and the reported BOD5 (BOD5REP)

Sample: 1997:07 2001:10 – Forty-one plants

	Individual Samples

	Variable
	Obs.
	Mean

	BOD5SAMPLED
	653
	1343.2

	BOD5REP
	1624
	1363.1

	All
	2277
	1357.4

	t-test

	Degrees of freedom
	Value
	Probability

	(2275)
	0.16
	0.8701


The previous tests suggest the absence of underreporting, on average, for the forty-one plants inspected the three institutions. However, this may be a wrong conclusion according to the tests that follow, which compare the means of the reported levels of the plants during the months in which they were not inspected and the months in which they were inspected (sampled or not).
 These tests are presented in Table 9. The last rows show the results when we pool the three inspecting agencies, while the rest of the rows present the results separately. The results show that, first, plants do not report statistically significant different levels of BOD5 to the MUN on average when they are inspected as compared to when they are not inspected by the MUN. However, there is a difference of 100 mg/l on average. The difference, around 500 mg/l, is statistically significant for the case of the 61 plants inspected by the NAT. The sixty-nine plants that were inspected by SEINCO also reported 350mg/l more of BOD5 to the MUN on average when they were sampled by SEINCO as compared to when they were not, and this difference is statistically significant. Overall, when we use all series but only the forty-one plants that were inspected by the three institutions the difference is also statistically significant at 10%. In spite of these results, it is difficult to conclude something with these tests because the sample is not the same.

Table 9

Tests for Equality of Means between reported levels of BOD5 (BOD5REP) when inspected and when not inspected

	
	
	BOD5REP
	t-statistic

	
	Obs
	Mean
	Df
	Value
	Prob

	MUN (1997:07-2001:10) 74 plants

	Not inspected
	2581
	999.7
	(2894)
	0.85359
	0.393

	Inspected
	315
	1103.6
	
	
	

	NAT (1997:07-2001:10) 61 plants

	Not inspected
	2208
	1089.2
	(2344)
	2.70
	0.007

	Inspected
	138
	1612.3
	
	
	

	SEINCO (1999:04-2001:09) 69 plants

	Not inspected
	1095
	765.4
	(1635)
	15,68
	0,001

	Inspected
	542
	1122.3
	
	
	

	All (1997:07-2001:10) 41 plants

	Not inspected
	1104
	1292.7
	(1622)
	2.82
	0.0931

	Inspected
	520
	1512.6
	
	
	


Of course, not all plants behaved in the same way. Analyzing plant-by-plant data could draw a better picture about the existence of underreporting. This is done in the following table. This table presents the ANOVA F-statistics and their probabilities for the equality of means between BOD5REP, BOD5IMM, BOD5DCA and BOD5SEINCO for each of the seventy-four plants in the sample. Using all available observations for each series, at the five percent significance level, the tests suggest rejecting the null hypothesis of equal means between reported and sampled BOD5 for 25 of the 74 plants. At the 10% significance level, the test suggests rejecting the null of equal means for 31 plants.

8.5 Appendix

Table 8.13

Plant-specific under-reporting tests

	
	Anova F-statistic
	1=reject=underreporting

	Plant
	df
	Value
	Probability
	5%
	10%

	1
	(2,26)
	0.07
	0.94
	0
	0

	2
	(2,58)
	240.60
	0.00
	1
	1

	3
	(2,60)
	0.20
	0.82
	0
	0

	4
	(2,46)
	1.71
	0.19
	0
	0

	5
	(3,28)
	0.22
	0.88
	0
	0

	6
	(2,58)
	4.46
	0.02
	1
	1

	7
	(2,29)
	6.61
	0.00
	1
	1

	8
	(2,59)
	12.74
	0.00
	1
	1

	9
	(3,75)
	1.30
	0.28
	0
	0

	10
	(2,51)
	15.08
	0.00
	1
	1

	11
	(3,64)
	3.54
	0.02
	1
	1

	12
	(3,56)
	0.70
	0.56
	0
	0

	13
	(3,33)
	6.08
	0.00
	1
	1

	14
	(2,43)
	6.76
	0.00
	1
	1

	15
	(3,61)
	0.67
	0.57
	0
	0

	16
	(3,77)
	3.35
	0.02
	1
	1

	17
	(3,59)
	6.46
	0.00
	1
	1

	18
	(3,57)
	7.59
	0.00
	1
	1

	19
	(3,63)
	4.86
	0.00
	1
	1

	20
	(2,31)
	2.37
	0.11
	0
	0

	21
	(3,63)
	1.23
	0.31
	0
	0

	22
	(3,58)
	0.79
	0.51
	0
	0

	23
	(3,71)
	0.19
	0.90
	0
	0

	24
	(3,58)
	1.36
	0.26
	0
	0

	25
	(2,39)
	0.40
	0.68
	0
	0

	26
	(2,39)
	3.04
	0.06
	0
	1

	27
	(3,52)
	0.68
	0.57
	0
	0

	28
	(3,65)
	0.58
	0.63
	0
	0

	29
	(3,22)
	1.56
	0.23
	0
	0

	30
	(2,57)
	3.70
	0.03
	1
	1

	31
	(2,58)
	2.33
	0.11
	0
	0

	32
	(3,67)
	0.83
	0.48
	0
	0

	33
	(3,60)
	0.71
	0.55
	0
	0

	34
	(3,72)
	0.80
	0.50
	0
	0

	35
	(3,60)
	0.63
	0.60
	0
	0

	36
	(2,20)
	0.64
	0.54
	0
	0

	37
	(3,38)
	1.20
	0.32
	0
	0

	38
	(2,33)
	0.26
	0.77
	0
	0

	39
	(3,27)
	0.69
	0.57
	0
	0
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	40
	(3,32)
	0.25
	0.86
	0
	0

	41
	(3,28)
	14.41
	0.00
	1
	1

	42
	(3,56)
	5.84
	0.00
	1
	1

	43
	(3,52)
	0.33
	0.80
	0
	0

	44
	(3,77)
	2.39
	0.07
	0
	1

	45
	(2,61)
	0.41
	0.67
	0
	0

	46
	(2,46)
	0.95
	0.39
	0
	0

	47
	(2,69)
	7.08
	0.00
	1
	1

	48
	(3,37)
	0.91
	0.44
	0
	0

	49
	(2,56)
	3.47
	0.04
	1
	1

	50
	(2,44)
	3.78
	0.03
	1
	1

	51
	(1,38)
	59.53
	0.00
	1
	1

	52
	(2,21)
	0.24
	0.79
	0
	0

	53
	(1,30)
	5.10
	0.03
	1
	1

	54
	(2,48)
	0.23
	0.80
	0
	0

	55
	(3,56)
	0.78
	0.51
	0
	0

	56
	(3,72)
	4.09
	0.01
	1
	1

	57
	(2,53)
	1.12
	0.33
	0
	0

	58
	(2,38)
	3.00
	0.06
	0
	1

	59
	(2,63)
	0.84
	0.44
	0
	0

	60
	(3,26)
	2.61
	0.07
	0
	1

	61
	(3,64)
	0.66
	0.58
	0
	0

	62
	(3,62)
	3.13
	0.03
	1
	1

	63
	(3,57)
	3.56
	0.02
	1
	1

	64
	(2,55)
	3.12
	0.05
	0
	1

	65
	(2,57)
	0.86
	0.43
	0
	0

	66
	(3,35)
	1.02
	0.40
	0
	0

	67
	(3,59)
	2.25
	0.09
	0
	1

	68
	(2,61)
	62.61
	0.00
	1
	1

	69
	(2,56)
	0.36
	0.70
	0
	0

	70
	(2,50)
	0.48
	0.62
	0
	0

	71
	(3,62)
	1.55
	0.21
	0
	0

	72
	(3,34)
	2.06
	0.12
	0
	0

	73
	(3,52)
	1.13
	0.35
	0
	0

	74
	(3,47)
	7.38
	0.00
	1
	1

	Total
	
	
	
	25
	31

	Percentage
	
	
	
	33.78
	41.89


Of course, these tests also have some problems. For instance, differences in means may be the result of differences in sampling technology and not from strategic behavior of plants. On the other hand, the differences may be insignificant because plants report more when inspected.

We conclude that the best test for under-reporting is a plant-by-plant test comparing the means of reports when inspected and were not. Plant-by-plant corrects for targeting (if you average across all plants and the inspectors go more often to inspect on big polluters reports when inspected are going to be larger than reports when not inspected). 

Below we present the results of the tests, one for each plant, for each inspecting institution.

Difference of means tests

BOD5REP when inspected and when not inspected by the MUN
	
	t-statistic
	1=reject=underreporting

	Plant
	df
	Value
	Probability
	5%
	10%

	1
	24
	0.382718
	0.7053
	
	

	2
	46
	0.874905
	0.3862
	
	

	3
	45
	0.418929
	0.6773
	
	

	4
	38
	1.986083
	0.0543
	
	

	5
	26
	0.308908
	0.7599
	
	

	6
	50
	1.593220
	0.1174
	
	

	7
	21
	1.236625
	0.2299
	
	

	8
	40
	0.379218
	0.7065
	
	

	9
	48
	0.739236
	0.4634
	
	

	10
	39
	1.129998
	0.2654
	
	

	11
	45
	0.298370
	0.7668
	
	

	12
	46
	1.208055
	0.2332
	
	

	13
	16
	0.787161
	0.4427
	
	

	14
	38
	0.908703
	0.3692
	
	

	15
	49
	1.455931
	0.1518
	
	

	16
	50
	1.449305
	0.1535
	
	

	17
	42
	0.307153
	0.7602
	
	

	18
	
	
	
	
	

	19
	
	
	
	
	

	20
	
	
	
	
	

	21
	
	
	
	
	

	22
	
	
	
	
	

	23
	
	
	
	
	

	24
	
	
	
	
	

	25
	
	
	
	
	

	26
	
	
	
	
	

	27
	
	
	
	
	

	28
	
	
	
	
	

	29
	
	
	
	
	

	30
	
	
	
	
	

	31
	
	
	
	
	

	32
	
	
	
	
	

	33
	
	
	
	
	

	34
	
	
	
	
	

	35
	
	
	
	
	

	36
	
	
	
	
	

	37
	
	
	
	
	

	38
	
	
	
	
	

	39
	
	
	
	
	


Conclusion: no under-reporting. Comment: few inspections. The power of the test is low. For example: plant 15. Mean when not inspected: 269, 48 observations. Mean when inspected: 418, 3 observations. The difference is big but the number of inspections is only 3.
Because of the low power of these test we opted to present another measure as indication of under-reporting. Mean BOD5 reported when inspected as percentage of the mean BOD5 reported when not inspected. The same for the S.D., and for the three inspection institutions. These measures may be misleading also. I regulators go to inspect when the firm report no activity, then we would have a plant reporting zero emissions when inspected. Indeed, in the absence of truly random inspections perhaps the best test for the presence of under-reporting is the coefficient of PINSP in the regression. 
In sum, the results of these tests suggest that underreporting may be present on average and for some plants. But we cannot be conclusive about the existence of under-reporting with using these imperfect tests. The econometric results that follow explore this issue further. 

Hypothesis tests for the mean percentage difference between BOD reported when inspected and when not inspected for the plants with larger average BOD reported when inspected
Let x = percentage difference, be a random variable.

Sampling distribution of a random variable: Let x1, …, xn be a random sample from a population with mean 
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Central Limit Theorem (Univariate): If x1, …, xn are a random sample from a probability distribution with finite mean 
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. Now we can use that 
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If xi = percentage difference of BOD reported when inspected and when not inspected for plant i, 
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= the average, n(MUN) = number of firms with xi >0 = 30, we can test:
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Prob(t29>6.74)<0.0001

We reject H0 

BUT THIS IS OBVIOUS BECAUSE I HAVE NO OBSERVED Xi LESS OR EQUAL TO 0 IN THE 30 PLANTS BY DEFINITION.!!!
If I repeat the test for NAT and SEINCO,
NAT: 
Prob
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Prob(t21>3.46)=0.0012
SEINCO: 
Prob
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� The same result is obtained when taking any pair of the three series.


� We conducted tests with only sampling inspections for NAT and MUN. As expected, the differences were lower in these cases because we leave non-sampling inspections inside the “not inspected” category. This also illustrates that non-sampling inspections have an effect on reporting.
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